Pediococcus halophilus is an economically important salt-tolerant bacterium, especially in the traditional Japanese food (miso and soy sauce) industry, because it improves the flavor in fermentation processes. In spite of its industrial importance, no gene transfer systems have been reported. In this report, we describe the conjugal transfer of a 20 megadalton pIP501 plasmid, which expresses resistance to MLS (macrolide-lincosamidestreptogramin B) and chloramphenicol (Cm),0 to three P. agar containing Em(10/ig/ml) was used. Filter matings were performed basically as described previously2\ An overnight culture ofE.faecalis JH2-2 (pIP501) (1~3 x 106 cells) and a 4-day culture of a P. halophilus strain (1~3 x 107), unless otherwise noted, were mixed and then filtered onto the front of a 0.45-^m-pore-size membrane filter (4.7-cm diameter, nitrocellulose filter; Toyo). Then the filter was rinsed with approximately 100ml of a sterile 2%NaCl solution, placed on the surface of P-5 agar and incubated at 30°C in an anaerobicjar for 12hr, except for when the incubation period was being optimized. The bacterial cells were washed off the filter with 2ml of the sterile NaCl solution by vortexing for 2min, and then diluted and plated on PAT-10 agar containing Em * Offprint requests to J. Sekiguchi.
(10/ig/ml) as the selective medium, because E. faecalis JH2-2 (pIP501) was sensitive to the high salt concentration. After anaerobic incubation at 30°C for 4~5 days, transconjugants were subjected to single colony selection on the same selective medium and then confirmed by growth in a higher salt (18%) or higher Em (100/ig/ml)-containing medium, or by incubation at 45°C (this high temperature permits the growth of E. faecalis but not that of P. halophilus). We chose P-5 agar as the mating medium for the GasPak system (H2/CO2 generator; BBL) to facilitate the growth of P. halophilus and E. faecalis. The effect of the mating period on the transfer frequency, from E.faecalis JH2-2 (pIP501) to P. halophilus 131 1, is shown in Fig. 1 . The transfer frequency was highest after 12-hr incubation (4.4 x l(T6 per recipient) and gradually decreased to a plateau level after 24-hr incubation. The side of the membrane filter used for mating affected the transfer of the conjugative plasmid, PAM/71, to Lactobacillus plantarum (the conjugal frequency was threeorder magnitude higher on the front than on the back).3) But, for the transconjugation of P. halophilus, only a 1.5 times increase was observed on the front. The donor and recipient cell ratio was also an important factor as to matings.4) Initial ratios of 1 : 10 and 1 : 50 (donor/recipient) for the initial ratio of 1 : 10 was 7 : 1. Conjugal transfer was also detected in crosses of E. faecalis JH2-2 (pIP501) and P. halophilus 2108 or PII. Figure 2 shows agarose gel electrophoresis of DNAs from the donor, recipients and transconjugants. The recipients did not harbor any resident plasmids (lanes 2, 4 and 6 ) and the transconjugants harbored plasmids which showed identical migration with pIP501 (lanes 1, 3, 5 and 7 in Fig. 2 ). antibiotics, but those of the transconjugants were 64 /ig/ml for Cm and more than 1 mg/ml for Em. The MIC levels were similar to the results for E. faecalis JH2-2 (pIP501), and P. pentosaceus and P. acidilactici harboring pIP501.2) pIP501 was stable in P. pentosaceus and P. acidilactici at below 42°C.2) In P. halophilus, the plasmid was retained at 89~99%after 10 generations in the non-selective medium at 30°C. The ability to transfer the plasmid to P. halophilus constitutes an initial method of genetic transfer, and may allow the mobilization of nonconjugative plasmids and other genetic markers, as described for S. pneumoniae.5) Derivatives ofpIP501 are now being extensively developed as vectors for use in gram-positive bacteria6) and they should be maintained in P. halophilus, if a suitable means of introduction can be found. The vector delivering system involving a derivative (pVA797) recently described for several lactic acid bacteria7) may also be applicable to P. haloph ilus.
